Although screening colonoscopy is effective in preventing distal colon cancers, effectiveness in preventing right-sided colon cancers is less clear. Previous studies have reported that retrofl exion in the right colon improves adenoma detection. We aimed to determine whether a second withdrawal from the right colon in retrofl exion vs. forward view alone leads to the detection of additional adenomas.
INTRODUCTION
Colonoscopy is the gold standard screening test for colorectal neoplasia ( 1 ) . Removal of adenomatous colon polyps during colonoscopy reduces colorectal cancer mortality by over 50% (2) (3) (4) . However, although colonoscopy is highly eff ective at preventing distal (left sided) colon cancers, recent studies by Singh and others have demonstrated that colonoscopy provides limited protection from right-sided colon cancers (5) (6) (7) . Th is diff erence has in large part been attributed to diff erences in tumor biology and polyp morphology in the proximal and distal colon ( 8, 9 ) . Specifi cally, proximal colon polyps are more oft en fl at and thus more diffi cult to visualize compared with pedunculated polyps typically seen in ( 10 ) . In addition, proximal colon polyps are frequently located on the backs of haustral folds and on the inner curvatures of colonic fl exures, which can make them more diffi cult to detect with a forward viewing colonoscope ( 11, 12 ) . Th us, there is currently great interest in developing techniques that may improve polyp detection in the proximal colon during colonoscopy.
A simple and straightforward method of improving the examination of the proximal colon is retrofl exion during withdrawal of the colonoscopy ( 13 ) . Retrofl exion in the rectum has been a safe and eff ective method of improving neoplasia detection in the distal rectum ( 14, 15 ) . Although multiple groups have reported that retrofl exion in the proximal colon can be safely performed, the impact of routine retrofl exion in the proximal colon during screening colonoscopy is less clear (16) (17) (18) (19) . In the largest of these studies, Hewett and Rex observed that retrofl exion in the proximal colon increased the detection of adenomas by 10% ( 17 ) . However, the generalizability of this study is limited by the fact that only two expert endoscopists performed all procedures, with the implication that the increase in adenoma detection was related to endoscopist expertise and spending additional time examining the proximal colon. Indeed, tandem colonoscopy studies that involved examining the right colon twice in forward view have demonstrated that up to 27% of proximal colon adenomas are missed during routine screening colonoscopy performed by experienced gastroenterologists ( 20, 21 ) .
Th is study was undertaken to directly compare the yields of reexamining the right colon in retrofl exion vs. forward view in a prospective manner during routine screening and surveillance colonoscopy.
METHODS
Consecutive adult patients (>18 years of age) undergoing outpatient colonoscopy by study investigators at the two study centers were invited to participate in this prospective randomized study. Patients were eligible if they were undergoing colonoscopy for colorectal cancer screening or post-polypectomy surveillance. Patients were excluded if they were unable to provide informed consent, had prior resection of the right colon, infl ammatory bowel disease, or the polyposis syndrome. In addition, patients were excluded if at the time of colonoscopy the cecum could not be intubated or if the quality of bowel preparation was inadequate (Boston Bowel Preparation Scale score <2 in any segment of the colon) ( 22, 23 ) . Patients were enrolled and baseline demographic characteristics were recorded before endoscopy by a research assistant or one of the investigators. Th e study was approved by the Institutional Review Board of the Washington University School of Medicine/Barnes Jewish Hospital (IRB# 201104076) and Medical College of Wisconsin (PRO00018945). Th e study was reported according to the Consolidated Standards of Reporting Trials guidelines and was registered on ClinicalTrials.gov (ID: NCT01704820).
Procedures
All procedures were performed by one of the 10 attending gastroenterologists with or without the assistance of a gastroenterology fellow/surgical resident. Attending gastroenterologists had been in practice for a median of 12 years (range 1-32 years). Olympus variable stiff ness colonoscopes (CF180/190 or PCF 180/190, Olympus America Inc, Center Valley, PA) were used for all procedures; the decision to use an adult or pediatric colonoscope was left to the discretion of the attending physician. Colonoscope insertion was performed in a standard manner. During scope insertion, the variable stiffness feature of the endoscope was used at the discretion of the attending gastroenterologist. Aft er insertion into the base of the cecum, the scope was withdrawn to the level of the hepatic fl exure as the mucosa was carefully inspected. All polyps that were found at that time were removed and sent for histopathologic examination. Once the proximal colon had been examined and polyps removed, the cecum was again intubated. At this point, a second examination of the proximal colon in one of the two randomly assigned groups, retrofl exed view (RV) or standard forward view (FV), was performed. Th e endoscope was withdrawn to the level of the hepatic fl exure in both arms, the mucosa was carefully examined, and all polyps were removed. Subjects randomized to the RV arm in whom retrofl exion was not possible had a second examination of the right colon performed in forward view before evaluation of the more distal colon. Aft er the second withdrawal to the hepatic fl exure, the remainder of the colon was examined in forward view in a standard manner.
Outcome measures
Th e primary outcome variable of this study was the per-patient adenoma detection rate (ADR), calculated as the proportion of patients with at least one adenoma in each group. Secondary outcomes included the success rate of retrofl exion, per patient polyp detection rate, per-polyp ADR (mean number of adenomas per patient), and duration of colonoscopy. Endoscopist comfort with retrofl exion and confi dence in the adequacy of the initial examination of the right colon were quantifi ed using a 5-point Likert scale (1=very diffi cult, 5=very easy).
Sample size
On the basis of prior tandem colonoscopy studies, we expected a repeat exam of the right colon in forward view to identify additional adenomatous polyps in 7% of patients ( 4 ) . Assuming a 12% ADR with a second exam of the right colon in retrofl exion (5% increase in yield for additional polyps), 80% power, and a two-tailed alpha of 0.05, approximately 850 subjects would need to be randomized for this study.
Randomization
Simple randomization was used to allocate patients to the two groups (FV vs. RV). For the initial 393 subjects allocation was concealed until the start of the colonoscopy, and subjects with inadequate bowel preparation were excluded aft er randomization. In order to minimize patient drop out aft er randomization, the protocol was changed for the fi nal 457 subjects and randomization was concealed until the cecum had been intubated and bowel preparation was deemed to be adequate.
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Statistical analysis
Data were reported as mean±standard deviation for normally distributed data and median and range for skewed data. Grouped continuous data were compared using two-tailed Student's t -test and the Mann-Whitney U -test where appropriate. Intergroup and categorical comparisons were made using the Chi-square and Fisher's exact tests. Logistic regression analysis was utilized to evaluate predictors of adenoma detection and factors associated with successful retrofl exion. Analysis of variance was utilized for comparison between endoscopists. A P value of <0.05 was considered statistically signifi cant. Th e primary analysis was performed in an intention-to-treat manner, and data were also re-analyzed in a per protocol manner. All statistical analyses were performed using PASW 19.0 (SPSS, Chicago, IL).
RESULTS
Patients
Nine hundred thirty-six consecutive patients were consented to participate in the study. Eighty-six patients (9.2%) were withdrawn from the study before randomization; the most common reason for excluding patients from the study was poor bowel preparation in 52 patients ( Figure 1 ). Eight hundred fi ft y patients (mean age 59.1±8.3 years, 59% female) were randomized and included in the study. Baseline demographic and clinical characteristics are summarized in Table 1 . Each endoscopist performed a median of 48 colonoscopies and had a median ADR of 46.8% ( Table 2 ).
Retrofl exion in proximal colon
Retrofl exion of the endoscope in the proximal colon was successfully performed in 421 of 450 (93.5%) subjects randomized to the RV arm of the study. In the 29 cases where retrofl exion in the proximal colon was not successful, the reasons for failure were excessive looping (25) , restricted mobility of the colon (3), and intraprocedural equipment malfunction (1) . Success of retrofl exion did not appear to be physician dependent ( Table 2 , P =0.054 across groups). When retrofl exion was possible, the attending endoscopist felt it was very easy in 318 (70.7%) cases, easy in 71 (15.8%), somewhat diffi cult in 25 (5.6%), diffi cult in 5 (1.1%), and very diffi cult in 21 (5%). On logistic regression analysis, the only factor signifi cantly associated with failure to retrofl ex in the right colon was poor bowel preparation quality (Boston Bowel Preparation Scale score 6 vs. ≥7; P =0.012; Table 3 ).
Colonoscopy fi ndings
On initial evaluation of the proximal colon there were an average of 0.39 and 0.37 adenomas found per patient in the RV and FV groups, respectively ( P =0.71; Table 4 ). Endoscopist confidence in the quality of the initial exam of the proximal colon was similar in the two groups ( P =0.31). On intention-to-treat analysis, repeat examination of the proximal colon yielded similar results in the two groups, with an average of 0.09 and 0.12 adenomas found per patient in the RV and FV groups, respectively ( P =0.13). Furthermore, the overall ADR did not diff er between the two groups (46% (184/400) FV and 47% (212/450) RV, P =0.75)) or did the average number of adenomas per patient (0.9 FV and 1.1 RV, P =0.75). Th ere was one adenocarcinoma discovered in the study population during initial examination of the ascending colon. Th e per-polyp miss rates of the initial examination of the proximal colon were 20.3% (56/276) in the RV and 27.0% (66/244) in the FV group ( P =0.08). Th ere was a statistically signifi cant diff erence in the duration of second withdrawal from the right colon between the RV and FV groups (1.4 min vs. 1.9 min, P <0.001); however, the overall withdrawal time was similar in the two groups (12.5 min in RV and 12.7 min in FV, P =0.7). Th e median size of polyps found on repeat examination of the proximal colon was 5 mm (range 2-15) in the RV and 5 mm (2-21) in the FV groups ( P =0.87). Advanced adenomas were found in 10 patients during repeat examination of the proximal colon (5 in each group); all were >10 mm in size. Adenomas were detected on the second examination in 48 (10.7%) patients in the RV arm and 58 (14.5%) in the FV arm ( P =0.1). Sixteen (7 RV and 9 FV group; P =0.43) patients had adenomas identifi ed only on the second examination of the proximal 
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Per protocol analysis
When data were analyzed in a per protocol manner (421 subjects in whom retrofl exion was successful vs. 429 subjects in whom the colon was inspected twice in forward view), repeat examination of the proximal colon yielded similar results in the two groups, with an average of 0.09 and 0.12 adenomas being found per patient in the RV and FV groups, respectively ( P =0.58). Th e overall adenoma detection did not diff er between the two groups (46% FV and 47% RV, P =0.79) or did the average number of adenomas per patient (0.96 FV and 1.1 RV, P =0.8). Predictors of identifying adenoma(s) on the second withdrawal from the right colon were older age (OR=1.04, 95% CI=1.01-1.08), adenomas seen on initial withdrawal (OR=2.8, 95% CI=1.6-4.9), and low endoscopist confi dence in the quality of fi rst examination of the right colon (OR=3.9, 95% CI=1.6-10.1).
Adverse events
Th ere were no adverse events during the colonoscopies or immediate post procedure recovery. Follow-up for delayed complications was not performed.
DISCUSSION
In this multicenter randomized controlled trial, we found that retrofl exion in the right colon can be successfully and safely performed in 94% of patients undergoing colonoscopy for colorectal cancer screening using standard colonoscopes. Th ere was no signifi cant diff erence in adenoma miss rates when the proximal colon was reexamined in forward view vs. retrofl exion. What was striking in this study is that there was a 20% miss rate in fi nding adenomas in the right colon; however, these missed polyps could be found at similar rates if the right colon was examined a second time, regardless of whether forward view or retrofl exed examination was performed. We report that older age, presence of right-sided adenomas, and poor endoscopist confi dence in the fi rst examination are predictors of fi nding additional polyps in the right colon. Th e only prior randomized study evaluating the eff ect of proximal colon retrofl exion on ADR was published by Harrison et al. ( 16 ) Th is study also showed no signifi cant diff erences in adenoma miss rates in 98 patients between a second examination from the colon; the median size was 5 mm (range 3-10). Overall, surveillance recommendations were altered on the basis of the results of the second examination of the proximal colon in 23 (2.7%) cases; reasons for alteration in surveillance recommendations are summarized in Table 5 .
On logistic regression, signifi cant predictors of identifying at least one adenoma on the second withdrawal from the right colon were older age (odds ratio (OR)=1.04, 95% confi dence interval (CI)=1.01-1.08), adenomas seen on initial withdrawal (OR=2.8, 95% CI=1.7-4.7), and low endoscopist confi dence in the quality of fi rst examination of the right colon (OR=4.8, 95% CI=1.9-12.1; Table 6 ). cecum to splenic fl exure in forward vs. retrofl exed views by a single experienced endoscopist aft er examination of the same sections of colon fi rst in forward view by two experienced fellows. Our study expands upon these fi ndings, by including larger numbers of patients, more endoscopists with varying degrees of experience, and a more homogeneous cohort of patients undergoing only screening or surveillance colonoscopies. In addition, we identifi ed potential factors that were associated with fi nding at least one missed adenoma during a second examination of the right colon ( Figure 2 ) .
Th e failure of proximal colon retrofl exion to yield a higher adenoma miss rate compared with a second examination of the proximal colon in forward view reinforces the fact that right colon adenomas are not always missed because of the location of the lesion relative to the view angle of the endosocpe ( 13 ). In randomized tandem colonoscopy studies utilizing the Th ird Eye Retroscope (Avantis Medical Systems, Sunnyvale, CA), which allows for retrograde views of the colon from an auxillary device passed into the working channel of the colonoscope, increases in ADR by up to 23% have been reported ( 4 ) . Similarly, the use of the full-spectrum endoscopy colonoscope, which proves a 330° view angle (vs. 170° view angle of a standard colonoscope), led to a 43% increase in adenoma detection in a recent prospective study ( 24 ) . However, tandem colonoscopy studies, in which the proximal colon was examined twice in forward view, have also demonstrated increases in ADR, which are on par with those seen in our study and with the Th ird Eye and full-spectrum endoscopy systems ( 20, 25 ) . We hypothesize that the lack of advantage to retrofl exion in the right colon vs. a second forward examination may be due to the fact that during retrofl exion only some portions of the colon mucosa are visualized. Th is could negate any benefi t of retrofl exion compared with additional missed adenomas found that would have been found during a second forward view. As the confi guration of folds and distension of the right colon changes between examinations, additional polyps are brought into view regardless of the direction of the examination. Likewise, the view angle of the scope does not improve the endoscopist's ability to visualize fl at and indistinct polyps, such as sessile serrated adenomas. Finally, we did observe that the duration of the second withdrawal was signifi cantly shorter in the retrofl exion group, but the underlying factors for this diff erence are unclear.
We also found that a second examination of the right colon in either view was more likely to detect missed adenomas in patients Figure 2 . Flow of patients through study. *52 Inadequate bowel preparation, 20 colonoscopy performed by non-investigator because of schedule change, 6 prior right colon resection, 2 colonoscopy aborted because of medical instability, 1 inability to reach cecum, 1 patient withdrew consent, 1 newly diagnosed with colitis, 1 >100 polyps and familial adenomatous polyposis was suspected.
who have polyps suspected to be adenomas on initial examination of the right colon or are older in age, especially when the endoscopist's confi dence in the quality of initial right colon examination was low. Th e latter was the strongest predictor of identifying missed adenomas with a second examination of the right colon. Th is may be related to suboptimal visualization of the mucosa related to bowel preparation and/or anatomic issues that preclude smooth withdrawal of the colonoscope. It is important to note that missed adenomas occurred in a fi ft h of the patients with right-sided adenomas, which indicates that right-sided adenomas are not easy to identify on a single examination. Th e fi nding that adenomas in the right colon tended to be missed if at least one adenoma was found on initial withdrawal supports that colon neoplasia is a fi eld defect and that the fi nding of at least one adenoma in the right colon should increase the endoscopist's vigilance in fi nding additional adenomas ( 26 ) . Th e presence of any of these factors should warrant consideration of a repeat examination of the right colon for missed adenomas.
Th e prior literature on the feasibility and safety of retrofl exion in the proximal colon has been limited to the experiences of only highly skilled endoscopists ( 13, 16, 17 ) . In the present study, involving ten endoscopists with varying levels of experience, retrofl exion was successful in 94% of patients, which was identical to what was reported by Hewett and Rex ( 17 ) . Th e experience of our group as well as others suggests that retrofl exion in the proximal colon can be a useful maneuver when evaluating and removing polyps in the right colon ( 16, 18, 27, 28 ) . Th ere were no complications associated with this maneuver, and our results suggest that retrofl exion can be safely performed during routine colonoscopy when clinically indicated. However, the negative results of this study as well as prior reports by others suggest that retrofl exion in the right colon should not be adopted as a routine maneuver during screening or surveillance colonoscopy.
Th is study has limitations. First, it was conducted at two academic medical centers, and therefore the results may not be applicable to the community setting. However, we believe this limitation is mitigated by that the participation of 10 endoscopists with a wide range of prior experience. As well, we found no signifi cant variation in the success rate of retrofl exion among physicians. Second, the same endoscopist performed back to back examinations of the proximal colon, which would not account for factors such as individual endoscopist's ADRs that could have potentially aff ected the adenoma miss rate. Although having a diff erent endoscopist performing the second examination of the right colon would have addressed this issue, having the same endoscopist perform both examinations of the right colon more closely replicates real world clinical practice and increases the generalizability of our fi ndings.
In conclusion, we found that a second examination of the right colon leads to increased adenoma detection; however, reexamination in retrofl exion is not superior to a second exam in forward view. Moreover, retrofl exion in the proximal colon could be accomplished safely in a vast majority of patients using standard colonoscopes. We also found that missed proximal colon adenomas were associated with a subjective impression of a poor quality
